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Abstract: 9 
 10 
The molecular structure of the sodium borate mineral ameghinite NaB3O3(OH)4 has been 11 
determined by the use of vibrational spectroscopy.  The crystal structure consists of 12 
isolated [B3O3(OH)4]- units formed by one tetrahedron and two triangles. H bonds and 13 
Na atoms link these polyanions to form a 3-dimensional framework.  The Raman 14 
spectrum is dominated by an intense band at 1027 cm-1, attributed to BO stretching 15 
vibrations of both the trigonal and tetrahedral boron.  A series of Raman bands at 1213, 16 
1245 and 1281cm-1 are ascribed to BOH in-plane bending modes.   The infrared spectra 17 
are characterized by strong overlap of broad multiple bands. An intense Raman band 18 
found at 620 cm-1 is attributed to the bending modes of trigonal and tetrahedral boron. 19 
Multiple Raman bands in the OH stretching region are observed at 3206, 3249 and 3385 20 
cm-1.  Raman spectroscopy coupled with infrared spectroscopy has enabled aspects about 21 
the molecular structure of the borate mineral ameghinite to be assessed.   22 
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1. Introduction 26 
The mineral ameghinite NaB3O3(OH)4  [1] was discovered in around 1967 and is named after 27 
two Argentian geologists.  The mineral is transparent and is colourless. The structure of the 28 
mineral has been determined [2]. The mineral is monoclinic with Point Group: 2/m. The 29 
space group is C2/ with a = 18.428(3), b = 9.882(2), c = 6.326(2), β = 104_23(6)0 and Z = 8.  30 
The crystal structure consists of isolated [B3O3(OH)4]- units formed by one tetrahedron and 31 
two triangles. H bonds and Na atoms link these polyanions to form a 3-dimensional 32 
framework [2].  There are many borate minerals. Some of which show properties related to 33 
those of ameghinite.  34 
 35 
Vibrational spectroscopy has been applied to borate glasses [3-6]. There have been a number 36 
of studies of borate glasses doped with a wide range of radioactive atoms [7, 8]. Borate 37 
glasses are used as a means of containment of radioactive materials.  There have been a 38 
number of studies looking at the effect of radiation on borate glasses [9, 10]. If there is to be 39 
an understanding of borate glasses and their role in radioactive element containment, then an 40 
understanding of the vibrational spectroscopy of borate minerals needs to be undertaken. The 41 
number of vibrational spectroscopic studies of borate minerals is quite few and far between 42 
[11-14]. The number of Raman studies of borate minerals is also very limited [15, 16].  There 43 
have been a number of infrared studies of some natural borates [17-20]. Most of these 44 
references are not new and there have been no recent studies on the vibrational spectroscopy 45 
of natural borates.  Ross in Farmer’s treatise reported the infrared spectra of several borate 46 
minerals [21]. The use of infrared spectroscopy is limited by the spatial resolution of the 47 
technique which is around 25 microns. In comparison, the spatial resolution using Raman 48 
spectroscopy is 1 micron. Thus, when studying a mineral using spectroscopic techniques it is 49 
advantageous to use Raman spectroscopy. The selection of the target mineral is more easily 50 
made. With infrared spectroscopy, any impurities will be measured as well as the target 51 
mineral.  52 
Yet, there remains the issue of the vibrational spectroscopic study of natural borate minerals. 53 
In this research our objective is to study the Raman and infrared spectra of the mineral 54 
ameghinite and relate the spectra to the structure of the mineral.  55 
 56 
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2. Experimental 57 
2.1 Mineral 58 
The ameghinite minerals were obtained from The Mineralogical Research Company. Details 59 
of the mineral have been published (page 17, Vol. 5) [22].  The mineral originated from the 60 
Tincalayu deposit, Argentina.  The X-ray diffraction pattern is given in the supplementary 61 
information.   Chemical analysis of the mineral, is given as B2O3 61.0%, Na2O 18.0% and 62 
H2O 21.0 % making a formula of the mineral as NaB3O3(OH)4.                                                                          63 
 64 
2.2 Raman spectroscopy 65 
Crystals of ameghinite were placed on a polished metal surface on the stage of an Olympus 66 
BHSM microscope, which is equipped with 10x, 20x, and 50x objectives. The microscope is 67 
part of a Renishaw 1000 Raman microscope system, which also includes a monochromator, a 68 
filter system and a CCD detector (1024 pixels). The Raman spectra were excited by a 69 
Spectra-Physics model 127 He-Ne laser producing highly polarised light at 633 nm and 70 
collected at a nominal resolution of 2 cm-1 and a precision of ± 1 cm-1 in the range between 71 
200 and 4000 cm-1. Repeated acquisitions on the crystals using the highest magnification 72 
(50x) were accumulated to improve the signal to noise ratio of the spectra. Because of the 73 
lack of signal, over 1200 scans were made. The spectra were collected over night. Raman 74 
Spectra were calibrated using the 520.5 cm-1 line of a silicon wafer.  The Raman spectrum of 75 
at least 10 crystals was collected to ensure the consistency of the spectra.  A Raman spectrum 76 
of ameghinite is given in the RRUFF data base (http://rruff.info/Ameghinite). However no 77 
interpretation of the data is provided and no spectrum in the OH stretching region is given.  78 
 79 
2.3 Infrared spectroscopy 80 
Infrared spectra were obtained using a Nicolet Nexus 870 FTIR spectrometer with a smart 81 
endurance single bounce diamond ATR cell. Spectra over the 4000525 cm-1 range were 82 
obtained by the co-addition of 128 scans with a resolution of 4 cm-1 and a mirror velocity of 83 
0.6329 cm/s. Spectra were co-added to improve the signal to noise ratio.  The infrared spectra 84 
are given in the supplementary information.   85 
 86 
Spectral manipulation such as baseline correction/adjustment and smoothing were performed 87 
using the Spectracalc software package GRAMS (Galactic Industries Corporation, NH, 88 
USA). Band component analysis was undertaken using the Jandel ‘Peakfit’ software package 89 
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that enabled the type of fitting function to be selected and allows specific parameters to be 90 
fixed or varied accordingly. Band fitting was done using a Lorentzian-Gaussian cross-product 91 
function with the minimum number of component bands used for the fitting process. The 92 
Gaussian-Lorentzian ratio was maintained at values greater than 0.7 and fitting was 93 
undertaken until reproducible results were obtained with squared correlations of r2 greater 94 
than 0.995.  95 
 96 
3. Results and Discussion 97 
The Raman spectrum of ameghinite over the 100 to 4000 cm-1 range is illustrated in Figure 98 
1a. This spectrum displays the position and relative intensity of Raman bands over the full 99 
spectral range. The infrared spectrum of ameghinite over the 500 to 4000 cm-1 range is 100 
displayed in Figure 1b.  In order to define the details of the Raman and infrared bands, the 101 
spectra are divided into sections based upon the convenience and the type of bands being 102 
studied. The Raman spectrum of ameghinite over the 800 to 1500 cm-1 region is reported in 103 
Figure 2a and the infrared spectrum is reported in Figure 2b.  104 
As Ross rightly points out the spectra of borate minerals depends heavily on the possible 105 
anions in the mineral [21]. The coordination polyhedron around the boron atom will be either 106 
a triangle or a tetrahedron.  In the case of ameghinite, the structure consists of linked triangles 107 
and tetrahedra. Thus for ameghinite the vibrational spectra of both structural units will be 108 
observed. The spectra of ameghinite are complex especially in the infrared spectrum. This is 109 
caused by the observation of bands due to four different coordination polyhedra namely 110 
BO33-, B(OH)3, BO45-, and B(OH)4-.  The Raman spectrum of ameghinite shows a very 111 
intense Raman band at 1027 cm-1 with shoulders at 1014 and 1061 cm-1. This band is 112 
assigned to the trigonal symmetric stretching mode. The two bands at 861 and 887 cm-1 are 113 
attributed to the symmetric stretching mode of the tetrahedral boron.  A series of bands are 114 
found between 1200 and 1500 cm-1. According to Ross [21] (page 220 of this reference), 115 
bands between 1300 and 1500 cm-1 are due to the antisymmetric stretching modes of trigonal 116 
boron. This is perhaps confirmed by the intensity of the infrared bands in the 1300 to 1500 117 
cm-1 region.  Infrared bands (Figure 2b) are observed at 1340, 1384, 1423, 1463 and 1538 cm-118 
1. The Raman bands at 1213, 1245 and 1281 cm-1 are assigned to OH in-plane bending [21].  119 
Infrared bands are found at 1214, 1259 and 1289 cm-1 and may be attributed to this 120 
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vibrational mode.  A series of infrared bands are observed at 944, 979, 1001, 1040 and 1078 121 
cm-1.   These may be attributed to the symmetric stretching modes of tetrahedral boron.   122 
 123 
The Raman spectrum of ameghinite in the 300 to 800 cm-1 region is illustrated in Figure 3a 124 
and the infrared spectrum in the 500 to 900 cm-1 region is shown in Figure 3b. The Raman 125 
spectrum is dominated by an extremely intense sharp band at 620 cm-1 with low intensity 126 
shoulders at 615 and 624 cm-1. This band is attributed to the bending mode of trigonal and 127 
tetrahedral boron.  The band is not observed in the infrared spectrum, where some low 128 
intensity bands are found at 570, 580, 602 and 616 cm-1, which may be assigned to this 129 
vibrational mode.  A series of Raman bands are observed at 701, 711, 730, 755, 769 and 786 130 
cm-1.  These bands may be assigned to the out-of-plane BOH bending modes.  The intensity 131 
of these bands is significantly higher in the infrared spectrum, which is expected. Infrared 132 
bands are found at 667, 681, 711, 736 and 766 cm-1.  The infrared bands at 825, 854 and 876 133 
cm-1 may be assigned to the symmetrical stretching of tetrahedral boron.  The Raman 134 
spectrum of ameghinite in the 100 to 300 cm-1 region is illustrated in Figure 4.  Raman bands 135 
are observed at 135 and 145 cm-1 with less intense bands at 119, 179, 197 and 224 cm-1.  136 
These bands are simply described as lattice modes.    137 
The Raman spectrum of the hydroxyl stretching region is displayed in Figure 5a and the 138 
infrared spectrum in Figure 5b.  In the main, Raman bands are observed at 3203, 3249 and 139 
3385 cm-1.  These bands are assigned to the symmetric stretching vibrations of the OH units.  140 
The infrared spectrum shows much greater complexity with considerable overlap of the 141 
component bands. Infrared bands are observed at 3045, 3217, 3273, 3346, 3407, 3496 and 142 
3597 cm-1.  The observation of multiple bands in the Raman and infrared spectra supports the 143 
concept that the OH units in the mineral ameghinite.    The Raman and infrared spectra of the 144 
water bending region is illustrated in Figure 6.  The Raman spectrum is quite noisy as there 145 
appears to be a lack of signal to noise.  It is not possible to conclude that there are any water 146 
bending modes. Yet, in the infrared spectrum, strong infrared bands are observed at 1634, 147 
1655 and 1676 cm-1.  It is reasonable that the water bending modes are not observed in the 148 
Raman spectrum. This is because the Raman scattering of water is very low.  These bands are 149 
attributed to the water bending modes. The fact that three bands are observed suggest that 150 
water is in different hydrogen bonding environments in the structure of ameghinite. This 151 
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suggests that water is involved in the structure of ameghinite.  It is possible that some of the 152 
OH stretching bands in Figure 5b are due to water in the ameghinite structure.  153 
 154 
4. Conclusions  155 
There are many borate minerals which have yet to have their vibrational spectrum determined 156 
and the molecular structure assessed in terms of their vibrational spectrum. In this work, we 157 
have measured the Raman and infrared spectrum of ameghinite NaB3O3(OH)4 over the 158 
complete spectral range. The crystal structure is such that isolated [B3O3(OH)4]- units are 159 
formed by one tetrahedron and two triangles. H bonds and Na atoms link these polyanions to 160 
form a 3-dimensional framework. This means that both trigonal and tetrahedral borate exists 161 
in the structure of the mineral. 162 
The Raman spectrum is dominated by intense sharp bands at 1027 cm-1 and 620 cm-1, 163 
assigned to the symmetric stretching mode and the bending mode of trigonal and tetrahedral 164 
boron. The series of Raman bands at 1213, 1245 and 1281cm-1 are ascribed to BOH in-plane 165 
bending modes.    Multiple Raman bands in the OH stretching region are observed at 3206, 166 
3249 and 3385 cm-1.  Vibrational spectroscopy has enabled aspects about the molecular 167 
structure of the borate mineral ameghinite to be assessed.   168 
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Figure 1 (a) Raman spectrum of ameghinite over the 100 to 4000 cm-1 region (b) 209 
infrared spectrum of ameghinite over the 500 to 4000 cm-1 range.  210 
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Figure 2 (a) Raman spectrum of ameghinite over the 800 to 1500 cm-1 region (b) 212 
infrared spectrum of ameghinite over the 900 to 1600 cm-1 range.  213 
 214 
Figure 3 (a) Raman spectrum of ameghinite over the 300 to 800 cm-1 region (b) infrared 215 
spectrum of ameghinite over the 500 to 900 cm-1 range.  216 
 217 
Figure 4 Raman spectrum of ameghinite over the 100 to 300 cm-1 region 218 
 219 
Figure 5(a) Raman spectrum of ameghinite over the 2600 to 3800 cm-1 region (b) 220 
infrared spectrum of ameghinite over the 2600 to 3800 cm-1 range.  221 
 222 
Figure 6(a) Raman spectrum of ameghinite over the 1500 to 1900 cm-1 region (b) 223 
infrared spectrum of ameghinite over the 1600 to 1800 cm-1 range.  224 
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